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PBN-1 FLYING BOAT - NACA MODEL 192
By David R. Woodward and Howard Zeck

SUMMARY

Several modifications of & 1/8-size model of the
PBN-1 alrplane were tested in Langley tank no. 1 to
determline thelr effect on the spray characteristics and
on the take-off and landing atability. The modifl-
catlons included changes 1n the bow (addition of spray
strips) and increases in the depth of step and angle of
afterbody keel. i

The spray over the bow at low speeds was reduced by
the additlion of spray strips and, to a lesser extent, by
an increase 1n depth of step or ungle of afterbody keel.
The range of speeds over which spray entered the pro-
pellers was reduced by the addition of spray strips. 4an
increase 1n depth of step, whlch 1ncreased the propeller
clearance, also reduced thlis range of speeds. An lncrease
1n angle of afterbody keel had little effect on the pro-
peller spray.

The basic model skipped at all trims above 6°. This
skipping was elimlnated by an lncrease in the depth of
step from 3.8 to 7 percent beam. An increase in the
angle of afterbody keel from 6.25° to 7.75° reduced the
landing stabllity. The locatlon of the maln step was
satlafactory for stable take-offs wlth neutral elevators
at forward positions of the center of gravity and with
-10° elevators (trailing edge up) at after positions of
the center of gravity. An increase in the depth of step
or angle of afterbody keel dild not appreciably affect
the forward limit for stable poslitions of the center of
gravity. With an elevator deflection of -10°, the after
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limit for stable positlions of the center of gravity was
moved aft when the depth of step was lncreased.

INTRODUCTION

The tank tests of a 1/8-size model of the PBN-1 alr-
plene described in this report were requested by thoe
Bureau of Aeronautics, Navy Department, on May 27, 1943,

The P3N-1l, which 13 bullt by the Naval Alrcraft
Factory, 1s a modified version of the PBY alrplane.
Flight reports 1lndicate that the spray characteristics
of the PBN-1 are not entirely satlisfactory. At very low
speeds the spray comes over the bow and wets the wind-
shield, and at a slightly higher speed spray strlkes the
propcllers. The airplane ulso tends to skip on landirng.
Tests of a powered dynamic model were made to determine
the effect of spray strips, depth of step, and angle of
afterbody keel on the spray characterlstics and on the
take-off and landing stabllity.

The lnvestigation was made in Langley tank no. 1 in
October and November of 19Ll;.

DESCRIPTION OF THE MODEL

A 1/8-full-size dynamically simllar model of the
PBN-1 was constructed at the Langley Laboratary, using
drawings and dimenslons furnished by the Naval alrcraft
Factory. The principal dimensions of the model are given
in table 1. The general arrangement of the model 1s
shown 1n flgure 1, and a photograph of the model 1is
presented in figure 2.

The maln differences between the hull of the present
model and that of the PBY are shown in the following '
table:
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PRY . PBN-1 (model 192)
Plan form of sbtep” LT S . /|Transverse | 20°.ves
Depth main step at kael peroent beam 3 Ao ] 3.8
Depth of step at centroid, percent beam |[~-w—mw-=m- 2.6
Bow to main step, inches 38.13 38 67(to centroid)-
Step location, percent M.A.C. 59° 52.5(at ocertroid)
Mair step to second step, inches 2.2 31.46(from centroid)

The 1ines of the bow of the full-size PEN-1 were formed
by rerfairing the bow of the PBY alrplune  and installing
clamshell doors over the bombardier's window.- .

The hull of the moGel was built in three parts to
facllate changes 1n the bow, the depth of step, and . -
the angle of afterbody keel.  Two bows were constructed:.
the original PBN-1 bow, and a simlilar bow wlth spray
strips added at the chines (figs. 3(a) and 3(b)). Two
afterbody sections that differed only 1n the angle of
afterbody keel (6.25° and 7.75°) were provided. The
depth of step was lncreased by lowering the bottom of
the forebody. . '

The power 1lnstallation consisted of two 0.9-
horsenower direct-current electrlc motors which turned
three-bladse metal propellers. The provellers, which had
a Glameter of 18 inches and a blade angle of 17°, were
turned &t 4335 rrm to obtailn scale thrust.

Slats were attached to the leading edgé of the-
wing in order to delay the stall and compensate for
scale effect on 11ft coefficlent.

A l1list of the configurations that were tested and
the corresponding model deslgnations 1s presented in the
following teble:

Angle of
Depth of main step

Model no. Bow at keel, percent besam afterbody keel
(deg)
192 PBN-1 3.8 6.25
192A PBEN-1 with 3.8 6.25

NAF spray strips

19241 | e==m==m- do=mm=mm- 7.0 6.25
1924=2 | =c====== do= e m==- 10.0 : 6.25
192B | ==mme=- do--=m=m- 3.8 7-75
192B=1 |e=====- do==m=rm=- 7.0 7.75
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. The following values for the moment of 1nertia of
the ballasted model were obtalned:

Horizontal’ position of the .center of Moment of lnertils,
gravity, percent M.A. C. slug-feet?
) 3.89
i £33
0 . ) 09

APPARATUS AND PROCEDTRE

The towing equipment and some of the testing methods
used 1n lLangley tank no. 1 are described in reference 1.
A description of the test procedure used for this investl-
gation is presented in reference 2.
T The_following conditions were malntained for all of
the tests, unless otherwlse speclfled:

Design stablilizer, &g, -2° to the wing chord
Leadling-edge slats on wing
Deflection of elevators, &g, 0°
Posltion of center of gravity
Vertical position 15.25 inches above keel at step
Horizontal posltion, 2 nercent M.A.C.
Tor tests with »nower
Two 18-inch, three~blade metal propellers
Blads angle, 17°

Rpm, L4335

The trim was referred to the base line of the model and
tlls sngle 1s mcasured between the base line and the
water plane. Bow-up &angles and moments tending to
ralse the bow .were considered positive.

The thrust was measured at a trim of 0° with the
model towed jJust clear of the water. Without power, the
serodynaml c -11ft and pitching mornents were measured at a
speed of ;5 feet pver second. With power, aerodynamic
tests were made over a range of speeds from 0 to L5 feet
per second. The aerodynamlic 1lift and pitching-moment
coefficlents, computed from these data, are defined as
follows:
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. TAft coefficlent, Of = —2—
L gv2
L} 0 2 .
P1tching-moment coefficlent, Gp = A
L ' ' 2 v
2
Imhene.
L+ - 1ift, pounds - - . L
M pitching_moment, pound;feet
[o dsnsity of alr, slugs per footd
S area of wing, feet?
\' carriage speed, feet per second

c mean aerodynamic chord, 1l.72 feet

The effective thrust was computed using the following
expressions:

where
Te effective thrust, pounds

propeller thrust, pounds

ﬁ arag of model wilthout propellers

AD increase 1n drag due to slipstream, pounds

ﬁ measured resultant horizontal force, power on,
pounds .

. An Investigatlion of the bow spray of several modifl-
cations of the model was made through a speed range from
0 to 15 feet per second, with full power, at a gross
load of T71.7 vounds (37,000 pounds full size). Still
photographs were taken at constant speeds, and motion.
plctures were taken durlng accelerated runs in both
smooth water and 1ln waves 3 inches in height.
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The trim limits of stabllity and the limits for
stable poslitlions of the center of gravlity were determlned
for models 192, 1i92A-1, and 192B-1 with full power at a
gross load of éO.l oounds (31,000 pourds full size).
Dlevator settings of 0°, -10°, and -25° were used In
these tests.

The landing stability of models 192, 192A-1, 192B,
and 192R-1 wes determined for a trim range from L°® to 16°
The landings were made wlthcut pcwer &t gross loads of
60.1 and 71.7 pounds. Landing stabllity wus Investigated
at two positions of the center of gravity, 24 and 3l per-
cent mean aerodynamic chord. Trim and rlse records were
obtalned to show the behuvior of the models during landlings.

RESULTS AND DISCUS3ION

Aerodynamlc tests.- The effectlve thrust, with a
blade angie of 179, and an rpm of u33%5 approximated the
estimated scale thrust of the alrplane. These data are
plotted 1ir figure li along with the alr drag of the com-
plete model. .

The aerodynamlc 1lift and »nitching-moment coeffi-
clents, without nower sre shown in flgure 5 for elevator
deflections of 00 and -25°. The serodynam’c 1lift and
pltching moment, witn power, are plotted against speed
in figure 6 for elevator deflections of 0°, -10°, and -25°.
The aerodjynamic 1l1ft and pnitching-moment coefficlents,
comouted from data taken with power at a speed of L5 feet
per second, are shown 1ln figure 7.

A comparison of Cy, awnd Cn, for neutrul elevators,

- with and without power, is shown in figure 8. The maximum
1ift coeffilcients, without power, was 1.65 at a trim

of 11.5¢, and the 1ift coefficlent at the ssme trim, with
power, was 2.05. “Aith neutral elevactcrs, the applicetion
cf powsr dld aot apnreciably charnge the aerodynemic
pltching-momsnt coefficients.

Spray characterlstics.- At low speseds, ths spray
over Ths Low of ths baslc modsl 192 (flg. 9) wus reduced
whsn the srray strips ware added (flg. 10). By increasing
the depth of 3tcp (lowering the forsbody), and lncreasing
the angle of aftervody kecvl, the trim of the model wus
increesed and small accreases iIn the spray over the bow
were observed (figs. 10 to 1l).
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Representative photographs (figs. 9 to 1ll) were
selected to cover the range of speeds showlng spray
through the propeller disks. This range, which extended

from 8% to 13 feet per second for the baslc model 192,
was reduced to a range from 9l to 13 treet per second when

the spray strips were added (fig. 15(a)). Increasing the
depth of step which also increased the propeller clear-
ance of model 192A caused successive reductions in this
speed range, finally narrowing to a renge from 11

to 12 feet ner second for a depth of step of 10 percent
beam (flg. 15(c)). Increasing the angle of afterbody
keel of model 192A increased the trim, but dld not appre-
clably affect the speed raunge over whlich the spray was

in the propeller disks (fig. 15(b)). The comparisons
glven in figure 15(d) 1ndicate that the range of speeds
over which spray entered the propeller disks was Iinflu-
enced more by the change 1ln proneller clearance than by
the change in trim.

Accelerated runs 1n waves approximately 3% inches I
high showed trends simllar to those found 1ln the tests
in smooth water.

Trim limits of stebility.- The trim 1llmlts of
stabiTITy Tor the basic model are shown in figure 16.
The range of stable trims was avproximately 7°, between
Lhe lower 1limlt and the upper limit, increasing trim.
The dlfference between the two branches of the upper
1imit varled from 1.5° at intermediate planing speeds,
to 5° at high speeds. Year getaway speed, model 192
porpolsed violently, aund the upper limlt, decreasing
trim, was about 2.56 above the lower 1limit.

The trim limits of stabllity for models 192A-1

and 192B-1 are presented in flgures 17 and 18, respec-
tively. A comparison of these trim limits wlith those
for model 192 1s shown in figure 19. The upper linilt,
increasing trim, was ralsed when the depth of step was
increased (compare models 192 and 192A-1). This 1limit
was further raised when the angle of afterbody keel was
increased (compare models 192A-1 and 192B~1). Over most
of the speed range where high-angle porpoising occurred,
the difference between the upper limit, increasing trim,
and the upper limlt, decreasing trim, was smaller and
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the porpolsing was less violent for models 192A-1

and 192B-1 than for model 192. Withln the accuracy of
the tests, the lower trim limlts of stabillity of the
three models were in agreement.

Stablllity durlng take-off.- The variation of trim
wlth speéd Ior mode 2 with elevator deflections of 09,
-109, and -25° 1ls shown in figure 20, and for models 192A-1
and 192B-1 1n flgures 21 and 22, respectively. Where only
zne-half cycla of porpols!ng was encountered at high trims
just bvefore take-off, the trim curve 1s shown as a broken
line. With neutral elevators, the trim tracks above
hunns specds were asproximately the same for the' three
models. No change in the trim tracks would be .expected
wlth neutrsl olevators Ilnausmuch as the trims were low and
the afterbody was clear of the water. Wlth up elevators
(-10° and -25°), however, the trim tracks were raised
when the depth of step was increased; and the trlim tracks
were further ralsed when the angle of afterbody keel was
increased (compare models 1924-1 and 192B-1). At the -
trims obtuined with up elevators the afterbody was in the
water at high specds and the trim was therc¢fore influenrced
by changes 1n the afterbody clsarance.

The maximum umplitude of porpolsing of model 192 is
plotted ageinst the horizontal position of the center of
gravity in figure 23. The tailed symbols are the nne-
half cycle emoplitudes referred to 1n the nreceding para-
graph. At forwurd »osltlons of the center of gravity and
neutral elevators, less thun 2° amplitude of porpoising
was observed. Wlth elevator deflections no grsater
than -10°, stable tuke-olfs were possible at all posi-
tlons of the center of gravity tested forward of 31 per-
cent mean aerodynamlc chord. Thce location of the maln
step 1ls therefore belleved to be satisfactory.

The maximum amolitude of vorposising for models 192A-1
and 192R-1 1s plotted agalnst the horlzontal positlon of
the center of gravity in figures 2l and 25, resmectively.
Lt forward positions of the center of gravity and with
neutrul elcevators, slight pornoisling at hlgh speed was
encountered for modele 1924-1 and 192B-1; but thils
amplitude of norpolsling was not lncluded 1n the summary
curves beceuse, at these high speeds, the trims were
lowor than those generally used for take-off. A compar-
ison of the varlation of maximum amplitude of porpolsing
wlth position of the center of gravity for models 192,
192A-1, and 19213-1 is presented in figure 26.

'y
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With neutral elevators and forward posltions of the
center of .gravity the behavior of the three models was
approximately the same. With -10° elevators, the after
limit for stable positlons of the center of gravity was
moved aft approximately 7 percent of the mean aerodynamilc
chord when the depth of step was lncreased (compare
models 192 and 192A-1), but was not moved any farther
aft when the angle of afterbody keel was increased (com-
pare models 192A-1 and 192B-1). With =250 elevators,
the change 1n the after limit for the three models was
in the same direction, but was less apparent than that
. obtained with -10° elevators.

Tanding stabllity.- Records of the variation of
trim and draeft Ed_Ihg landings of models 192, 192a-1,
192B, and 192B-1 are shown 1n flgures 27 to 30, . A compar-
1son of the landing characteristlics of models tested in
the tank 1s usually mede by counting the number of skips
(nunber of times main step leaves the water) during
landings. Thils comparlson 1s given for models 192,
192A~1, 192B, and 192B-1 in the following table:

Center of Landi
Model| gravity, Power Gross load, £l D8 Ko. of| Figure
no. percent ° Ao, 1b g M, | skips | no.
M.4.C. °g |
192 3l Zero 60.1 L.2 1 o0 27 (&)
5.5 0
7.1 8
9.2 6
11.5 7
3L, 71.°7 2.1 0 27(b)
2'1 1
8.8 8
10.6 7
2l 60.1 5.3 0 27(c)
7.0 8
9.0 6
2l Half 60.1 6.3 0 27(4d)
i 8.0 5
| 8.5 5
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] Center of .
Model gravity, Powe: Gross 1load, Lingins No. of |Figure
no. | percent Y1 Ag, 1D z*m’ skips'| no.
M.A.C. ' °g
— |
192A-1 3l Zero 60.1 5.% 0 28(a)
. 3¢ 0
' ‘ 10 L 0
11.h 0
17.0 0 !
3L | 717 5.6 0 28(b)
| o.% 0
P 3 0
| 10.7 0
I 15.0 z
2l 60.1 l 4.0 0 28(e)
| 6.0 0
| o.7 0
| 3.6 C
9.0 0
192R LI Zero €0.1 h.o 0 29
2:5 | 8
85 6
1 10.0 B
i 11-3
192p-1 zl Zero €0.1 6.1 0 30
3.3 0
10.2 0
11.0 n
11.9 R
15.6

In peneral violent skloning occurred at trims
greater than 6° for moJdel 132. This skipping was attrli-
bited to» the shallow maln step. A decrease 1n the gross
1vacd or an «nplication of power tonded to reduce the
landing instablllty. TLuncing instability could be
reducsd in some cuses by use of the elevators to decrease
the trim of the model at the instant of contact wlth the
water.
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With the depth of the step of the baslic model
increased from 3.8 to 7.0 percent beam (model ngA-l)
stable landings were made at &ll trims up to 16
(Fig. 28). With the angle of afterbody keel increased
from 6.25° to 7.75° and with the shallow steg (model 192B)
the inodel skipped violently at trims above 5¢ (fig. 29).
With the depth ol step of model 192B increaeed from 3.
to 7.0 percent beam:-(model 192B-1) the model skipped
violently at trims above 11° (flg. 30).

The results of the landing tests Iindlcate that,
with the deep step (7 percent beam& in conjJunction with
an angle of afterbody keel of 6.25°% the model was stable
on landing. However, the same depth of step was not
adequate for landing stablliity at high trims for the
model with the higher angle of afterbody keel (7.75°).
If the landing stabllity at the two angles of afterbody
keel 1s compared, it can be seen that the increase in
angle of afterbody keel tended to reduce the landing
stabllity at both depths of step.

CONCLUSIONS

1. Spray strips around the bow reduced the spray
over the bow at low speecds. An increase ln depth of step
or angle of afterbody keel, which increased the trim at
low speeds, reduced sllightly the spray over the bow.

2. Spray strips around the bow reduced the range of
speeds over whlch spray entered the propellers. This
range was not affected by an Increase in angle of after-
body keel. An increase in depth of step (by lowering the
forebody), which increased the propeller clearance, reduced
the range of speeds over which the spray entered the pro-
pellers.

3, With a deoth of step of 3.8 .percent beam (ut the
centrold) the basic model was unstable in landing for
trims above 6°. This landing instabllity was eliminated
by an Increase 1n depth of step to 7 percent beam. An
increase in angle of afterbody keel tended to decrease
landing stabllity.
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L. The location of the main step was satisfactory
for tske-off wlth neutral or up elevators at forward
posltlons of the center of gravity, and with elevator
deflections of -10° or less at after positions of the
center of gravity.

5. Witli neutral elevators, an 1lncrease 1ln depth of
sten or angle of afterbody keel had no anpreclable ef'fect
on the forward limlt for stable nosltlons of the center
of gravity. With -10° elevators, an increase in depth of
step moved the after 1imit for stable positions of the
center of gravity farther aft. An Increase in angle of
afterbody keel had no further effect on thls limit.

Langley Memorial Aeronautlcal Laboratory
Natlonsal Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABLE I - MODEL PARTICULARS OF PBN-1

Item ST T Model 192 1/8- size-
Hull:
Beam, maximum, in. . . e o s s e 15.30
Length of forebody (bow to centroid ’
of main step), in. . .« . . . 38.67
Length of afterbody (centroid of main
step to second step),in. . . . . . . . . 31.46
Length of tall extension. in, . . . . . 27.50
Length, over-all, in. . . . . . . . . . 27.63
Plan form of step . . c s 4 e a2 s o« o« 20Y vee
Depth of step, at keel, 1n. f e e « e e 0.59

Depth of step, at centroid of vee, 1n. e a4 e . 0.40
Angle of dead rlse at step,

Excluding chine flare, deg . . . . . . . . . 22.5
Including chline flare, deg . . « +« « « « + & 19.0
Angle of forebody keel, deg. . . « . . . + .« & 1.05
Angle of afterbody keel, deg . . . e e e 6.25
Angle between kesl 1ines at step, deg. « e 4 . T.30
wWing:
Areu, sgq ft 21.9
Span, in. . e e e e e e e e e e e e e 156.0
Root chord, 1n e e e e e s s e e e e e 22.5
Tin chord, in. . . « e e e . 15.0
Angle of incidencs, deg . . 6.0
Mean aerodynamic chord (M. A.cC. )
Length, in. . e e e e e e 20.76
Leading edge aft of bow, in. . . . 27.6
Leading edge forward of point of sten, in. 12.7
Leading edge above base line, in. . . . . 6.0
Angle to base 1line, deg . . « « « +« « . . 18.6
Horlzontal tall surface:
Area, 80 £t . ¢ & ¢ ¢ ¢ ¢« v f 4 e e e e e s 3.2
SPan, IN. o v + o = o o o o o 8 e e e 5.8
Angle of stabilillzer to wing chord, deg . . . . -2.0
Angle of dlhedral, deg . « .+ « « & o « o o« o 0.0
Elevator chord, in. . . e e e e e e e e . 6.8
Elevator span, one side, in., . . ... c e .3
Elevator root section . . . . ¢« « ¢« « & . . NACA M-2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE I ~ MODEL PARTICULARS OF PBN-1. - Concluded

-

Item BTN - Model 102 1/84-size

Propellers: : : ) ) o

Number of promnellers . . « « &« + e 4 o .0 « + o s e 2
Nunber of blades . . o ¢ ¢ + « « « + %
Diameter, in. . . 18
Angle of thrust line to b&qe line, ueg s v s e . 0
Angle of blade &t V.75 radlus, deg . . . . . . . . 17

NATIONAL ADVISORY
COMMITTZE FOR AERONAUTICS
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Figure 1.— Model 192. General arrangement.




Figure 2.~

Photograph of basic model 192.
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Figure 2.- Photograph of basic model 192,
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Model 192A. Model 192

Figure 3a.- Photographs of bows for models 192 and 192A.,
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Figure 3 (b) —~Skefch of bows for models 192 and I92A.
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Vv, 6.3 fps; T, 20° .V, 13.1 fps; T, 1.2
“pray over bow '

NACA
LMAL 41241

Spra;,r +H.rou5b prm, eller

Figure 9.- Model 192, Spray characteristics at low taxiing speed; with
power (4335 rpm). A o’ 71.7 pounds (37,000 pounds full-size);

center of gravity, 28 percent mean aerodynamic chord.
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V, 8.2 fps; 7, 1.7° vV, 13.0 fps; 7, 7.° o
Spray over bow Spray through propellers | az«z

Figure 10.- Model 192A. Spray characteristics at low taxiing speed;
with power (4335 rpm). A o’ 71.7 pounds (37,000 pounds full-size);

center of gravity, 28 percent mean aerodynamic chord.
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i s

V, 6.0 fps; 7, 2.2° ' © Y, 13.2 fps; T, 7.9°
Spray over bow Spray through propellers - maca: :

Figure 11.- Model 192A-1. Spray characteristics at low taxiing speed;
with power (4335 rpm). & o) 71.7 pounds (37,000 pounds full-size);

center of gravity, 28 percent mean aerodynamic chord.
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V, 6.0 fps; 7, 2.5° V, 13.2 fps; 7, 8.3
Spray over bow Spray through propellers .. ...,

Figure 12,-° Model 192A-2. Spray characteristics at low taxiing speed;
with power (4335 rpm). a,, 71.7 pounds (37,000 pounds full-size);

center of gravity, 28 percent mean aerodynamic chord.
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Y, 6.0 fps; 7, 2.1° V, 12.8 fps; 7, 7.0°
Spray over bow Spray through propellers paca
_ LMAL 41245

Figure 13.- Model 192B. Spray chafacteristics at low taxiing speed;
with power (4335 rpm). A4, 71.7 pounds (37,000 pounds full-size);

center of gravity, 28 percent mean aerodyanmic chord.
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Spray over bow Spray througn propellers naca
o LMAL 41246

Figui‘e 14,- Model 192B-1. Spray characteristics at low taxiing speed;
with power (4335 rpm). A 71.7 pounds (37,000 pounds full-size);

center of gravity, 28 percent mean aerodynamic chord.
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Figure 27 .- Model I92. Varigtion of trim and draft during landing.
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(b). Center of gravity, 34 per-.

cent M_.A.C.. gross load, 717
pounds, (37,000 pounds
full-size), without power.
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